Introduction
The Astra-8 is a floor-standing seven-channel, automatic, discrete analyser for use in the clinical chemistry laboratory.
A:t present it will analyse serum for urea, sodium, potassium, chloride, total carbon dioxide, glucose, and creatinine. It calculates the anion gap and osmolality, and also the ratio of blood urea.nitrogen to creatinine when these are expressed as mg/dl. Urine may be analysed for sodium, potassium, chloride, glucose and creatinine. Provision is made for the addition of two further analytical modules when these become available.
The sample tray holds up to 38 specimens and two calibrating solutions, and requests for up to 76 specimens may be entered into the machine at one time. Any combination of available tests may be requested for each specimen or group of specimens, but sodium and. potassium are always measured together. The machine may be instructed to analyse an emergency specimen at any time, after which it will return to the original sequence of specimens.
The analyser is controlled by a computer to which the operator communicates by means of a keyboard and a visual-display unit (VDU). The operator can select individual tests for each specimen, enter identification numbers, enter or alter reference ranges, initiate priming of reaction vessels and automatic calibration on all or any channels, request duplicate assays, and to return to a control specimen at any desired frequency. Special procedures for routine maintenance or diagnosis of faults can be initiated frorn the keyboard.
In addition the computer monitors the functioning of the instrument, detects the presence of a sample in the cup, converts the outputs from the analytical modules to analytical results, expressed either as mass (eg mg/dl) or molar (eg mmol/1) concentrations. Results are displayed on the VDU and printed on a high-speed thermal printer in a form which could be used as the report. This includes the date and time of the analysis, patient identification number, the analytical results, the reference ranges, and an indication if the result is outside that range. The analyser may also be connected to external data-processing equipment via a multipin socket.
Reagents provided by the manufacturer are stored on top of the machine. They are pumped to the reaction Vessels by peristaltic pumps via preheating elements, and excess is removed via At the end of the main evaluation, three chemistry modules, the sampling module and two electronic boards were replaced from the RAPid kit to assess the ease of this procedure. The within-batch precision and linearity of the system were then rechecked.
Methods

Precision
A normal, human quality control serum was reconstituted with either water or solutions containing additional analytes in order to obtain the required concentrations (see Results).
Another control material with low values of most analytes was used for the lower concentrations. Aliquots of pools of these sera were analysed twenty times within a single batch (and within one calibration period). Aliquots were also stored at -20C and one of each level analysed on each of twenty working days. The concentrations of each constituent spanned the analytical range and included clinically important levels.
Linearity
Aqueous solutions were prepared containing eleven different concentrations of one analyte, spanning the analytical range for serum or urine, and constant concentrations of all other A serum with high concentrations of all analytes was diluted volumetrically either with water or with another serum containing relatively low levels to obtain mixtures with linearly-related concentrations.
Accuracy
Standard solutions were prepared by weighing dried AnalaR reagents and dissolving these either in water or physiological saline.
Seven lyophilised sera which had been circulated through the UK National Quality Control Scheme (NQCS), and three that had been assayed in the Wellcome Group Quality Control Programme (WGQCP), were analysed on the Astra and the results compared with the consensus values from these schemes.
Comparison with routine methods Approximately 500 specimens of serum submitted for routine analysis by the methods listed in Table were Carryover Sample-to-sample carryover was measured using sera with high and low concentrations of all analytes ].
Since the sample probes are washed before and after every sampling, carryover from wash fluid to samples was assessed by adding procion blue to the wash fluid and measuring any increase in ,absorbance of the samples.
Interferences
The effects of anticoagulants were assessed by dividing a blood specimen from a normal volunteer into four aliquots.
One was allowed to clot to produce serum, and an anticoagulant was added to each of the other samples and the plasma separated. The four specimens were then analysed on all channels. 
Results
Precision
The results of the precision studies are given in Tables 2 and  3 . In a few instances the resolution of the printed result was such that a reliable estimate of the standard deviation (SD) could not be obtained. In these cases an upper limit for the true SD was estimated and this is given in the tables together with the less-than sign.
Linearity
Using aqueous solutions, results for aI1 channels except total carbon dioxide were found to be linear over the ranges stated by the manufacturer. Although the deviation from linearity for carbon dioxide was statistically significant it represented a maximum error of only about mmol/1 which would not be significant clinically.
When serum was diluted with serum, non-linearity was found for urea above approximately 30 mmol/1 amounting to about 5 mmol/1 low at 50 mmol/1, and for carbon dioxide above about 3 5 mmol/1 amounting to approximately 3 mmol/1 low at 50 mmol/1. Table 4 .
Comparison with routine methods
Graphs showing the comparison between the Astra results and those obtained by routine methods are shown for creatinine in serum in Figure 1 , and for potassium in urine in Figure 2 . Essentially similar graphs were obtained for the other constituents. The coefficients of the regression equations given in Table 5 include the ratios of variances used in their computation 2]. Carryover Carryover from one specimen to the next was undetectable even when serum followed urine. Carryover from wash fluid to samples was less than 1/al. 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 ' / 1 1 1 1 1 1 After the main evaluation was finished, there occurred two malfunctions of the transport system which carried the samples to the analytical modules. In both cases the problem was cleared from the keyboard and the instrument continued to operate satisfactorily. However, the machine .did not re-assay the specimen on which it was working at the time and so these results would have been lost if the operator had not specifically instructed the machine to return to this specimen as though it was a new one.
A further intermittent fault occurred in the transport system on three occasions. Each time the fault cured itself before the cause could be established.
The RAPid kit
Four modules and two electronic boards from the RAPid kit were replaced to assess the ease of doing this. The procedure was simple and took about 30 minutes for a module, most of which time was spent flushing reagent out of the "defective" module and repriming the new one. Replacing the. electronic boards was also easy, taking about 5 minutes. This involved turning the machine off, so losing volatile memory within the computer.
Electrical and mechanical construction Members of the engineering staff examined the machine without making rigorous mechanical and electrical tests.
The electronic construction and the components used were judged to be well up to normal commercial practice.
An interlock prevented removal of a perspex cover over the electronics assembly without switching off the power. Fuses were labelled with the correct rating and a notice drew attention to the importance of replacing fuses with the correct type.
There were adequate precautions to ensure that reagents spilled in the storage area or leaked from any chemistry modules would run to waste without entering the electronics assembly. However, the working area was not well protected against spillage of samples penetrating to places where .it would be difficult to remove. The actual surface was of a type that would wipe clean, butspillages might, for example, run under the cover of the keyboard. Although trays may be loaded remote from the machine, the need to key in requests and patient identification numbers at the keyboard would make it tempting to load the tray whilst it was in position on the instrument.
When the main cover is in place over the analytical modules, the only moving parts to which the operator has access are the sample tray and the sampling probes. However, neither of these represented any hazard to the operator. (urea) . In this evaluation the costs were approximately twice these figures since the machine was not subjected to a big workload and comparatively large volumes were used for priming and calibration.
The training course A training course for two operators is included in the purchase price of the instrument. The course provided a comprehensive guide to both the operation and maintenance of the Astra system. A booklet provided before the course explained the basic features of the instrument. The course itself included detailed instructions, in the principles of each analytical method, .the operating procedures and trouble shooting. The operator was given a good theoretical and practical training in the use of the system and was able to use the instrument with confidence after its installation.
Discussion
The precision of the instrument on some channels was better than the resolution of the printer, so that some of the SDs found were either zero or larger than the correct values.
In either case it has been possible using simulated results to estimate an upper limit above which the true SDs probably do not lie, and these are indicated in the tables by the 'lessthan' sign.
Sodium
This was the only channel with which real difficulties were experienced. Although potassium is measured within the same module and uses the same reference electrode, no such problems were experienced with this test.
During runs of 40 specimens of different sera, there was evidence of drift but this did not seem to occur when analysing aqueous solutions or the same serum repeatedly. The manufacturer was informed, and the module was cleaned by an engineer who also improved certain electrical connections and replaced both electrodes. It is not possible to be certain that these modifications removed this problem, but it has not been mentioned in previous evaluation reports [3, 4, 5, 6 and 7] .
Urea
There seemed to be a disproportionate number of outliers among serum urea results, although the number is small compared with the total number of assays performed. There was little doubt that an assay performed after the module The manufacturer is aware of this problem, which is probably caused by deterioration of the reagent in the measuring cup, and is taking steps to correct it.
Creatinine
The Astra system seems to have overcome many of the problems associated with the kinetic Jaffe procedure. The method is precise and free from interference by bilirubin and haemoglobin except at very high concentrations. The interference by methyl dopa has been previously described [3] .
Summary and conclusions
With these reservations, the Astra was found to be a precise 
